In this study, the automated process planning system for end-milling operation is realized. This study considers to minimize the number of times of tool change and to determine the appropriate machining sequence in the process planning. In our previous process planning system, the machining sequence is calculated geometrically, based on the Total Removal Volume (TRV) and the machining regions split from TRV. However, it remains difficulty to determine the best machining sequence from the large number of the calculated machining sequences. The previous process planning systems also do not consider machining conditions in the determination of the appropriate machining sequence. First, our new process planning system generates the association chart of machining regions, which represents the geometrical constraints to determine machining sequence. According to the association chart, the candidates can be selected from the enormous candidates of the machining sequence. Subsequently, our new process planning system determines the best machining sequence under considering the machining conditions. The best machining sequence is determined to minimize the number of times of tool change. A case study was conducted to show the effectiveness of our new proposed process planning system, and the machining sequence was automatically determined based on the geometrical constraints considered in process planning and the machining conditions considered in operation planning.
According to the generated association chart, the SRVs, which can be machined from the initial work material model, are limited to SRV0, SRV1 and SRV2. SRV0_0 and SRV0_1 can be removed after machining of SRV0. Similarly, SRV1_0 and SRV1_1 can be removed after machining of SRV1.
(a) SRVs which can be removed from the initial work material.
(b) SRVs which can be removed after machining of SRV0.
(c) SRVs which can be removed after machining of SRV1.
(d) No SRV can be removed after machining of SRV2. 
SRV0
The machining conditions are linked with the property of SRV.
(a) Product model and extracted SRVs (b) Associated chart and Tool IDs for machining of each SRV (c) First, SRV1 is machined by the tool EM8, which is not used for the remaining SRVs. EM8 which has larger tool diameter is selected ahead than EM4.
(d) Second, SRV0, SRV1_0 and SRV0_1 are machined by the tool EM6, which is not used for the remaining SRVs. EM6 which has larger tool diameter is selected ahead than EM4.
(e) Third, SRV2 is machined by the tool EM4, which is not used for the remaining SRVs. EM4 which has larger tool diameter is selected than EM2.
(f) Finally, SRV0_0 and SRV0_1 are machined by the tool EM2 (g) Determined machining sequence according to the associated chart and the tools for machining of each SRV Fig.7 Example of the machining sequence to minimize the number of times of tool change. The number of times of tool change can be minimized by this machining sequence.
(a) Calculated tool paths (b) Machined product Fig. 11 Result of cutting experiment. Both of tool paths and an NC program can be generated automatically based on the machining sequence determined by our proposed method. The cutting experiment can be performed successfully. Vol.8, No.3 (2014) , pp.396-405. Nakamoto, K., Shirase, K., Wakamatsu, H., Tsumaya, A. and Arai, E., Automatic production planning system to achieve flexible direct machining, JSME International Journal Series C, Vol.47, No.1 (2004) 
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